
NOTICE
CERTAIN DATA

CONTAINED Ill THIS
DOCUMENT MAY BE
DIFFICULT TO READ

Ihl MICROFICHE
PRODUCTS.



L&LJR 9~-~689 LA-UR--9l-i663

DE91 013742

TITLE Structural Distortion in R Platinum2 Tin2 Compounds (H=
Rare Earths)

AJ?t’ion(s)M. Latroche, M. Salsane, C.Godart, G. Schiffmscher,
U. P. Reyenuann, J. D. Thompson

8UB~ITrEOT0 To be presented at the 10th International Conference on
Solid mounds of Transition Elanmnta, May 21-25, 1991
Munster, W. Germany

DI.S(’l,AIMIHI

~~~~k~~$s ksAlamos,NewMexic.8754~
LOSAlmos National Laborator

About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov



STRUCI’URALDISTORTIONIN RPtz Sn2 CONPOUNDS (R - RARE EARTH)

M. Latroche, M. ~elsane, C. Godart, G, Schiffmacher, CNRS, France

w. P, Beyerma~ , P-10, IANL

J. D. Thompson, P-10, LANL

Full paper contributed to the Proceedings of the 10th International Conference

on Solid Compounds of Transition Elements, May 21-25, 1991, Munster, West

Germany

Submitted May 8, 1991

IA-uR-91-

CeM2Xz compounds (M-transition metals, X - Si,Ge,Sn) exhibit very exotic

properties such as intermediate valence state, heavy fermion, magnetism, and

superconductivity. Most of them crystallize in the ThCr#iz type structure

(14/nrmn)while a few adopt the CeBezGez primitive one (PL/nmm), Among tl]esc’

compounds, CePtzSnz has the !leaviest known specific heat co fficient (~ - 3.5

J/mol-K2) and orders antiferromagnetically at TN - 0.88 K.

Samples of CePtzSnz, CeO,eLat).2PtzSnz, and LaPtzSnz have been studied by

X-ray powder diffraction experiments including Rietveld c.~lculations before and

after annealing, As-cast samples can be indexed in the tetragonal primitive

cell; however, re-examination of annealed samples (1 & 3 days at 800”C nnd 3

weeks at 7~0’C) reveals a monoclinic distortion of the lattice, Suctl(1

distortion has already been observed for CeNi2Sn2.

Furthermore, our ciiffrnction patterns show evidence for suprrlntticc lirles

at twice the unit cell pnrnmctcrs, wh!cl~ wus verlficd by trunsmlssion clectroll

microscopy, Mlcroprobcs nnalysis or,thcso snmplos sliowttlutt}lcP1.s~lblntllt.(1

is sllzhcly substolchiornctric (97,5%), Thus strnllls duo to lnrp,ontom!c riI(l[l

am! ordcrlnp, of Pt vncnnclr.Y could hr rcspol~slblc for tt~cmolmclinlc df! [ort!ol~

[lIIcIsupvrlflt.tlcclfncs.
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ABSTRACT

Meet 02 the RtlaXZ compounds can b. described in tetragonal

syttems ●ither In the %hcrasia typo or in the CaBeaGQS one.

However, recent Works havt shown that for larga size ●toms such

●s Pt or Ir for M ●nd G* or Sn ~or X, 8tructural distortions

occur le~dlng to less symmetrical cells. Here, us report on

CewLa~.nPt~6na (x- 1, 0,8 and O) compounds which exhibit

mococlinla distortion and suparlattice lino3 ●ttar ●nnealing,



IHTRODUCTIOU

RHaXa compounds (RwEare Earthu, M=Transition Hetals end

B.81,G9 or Sn] .Xhibic vary gxotic phyoical phenomenal Konflo

lattice ●ffects, heavy ftrmion behavior, ●uporconductivity in

heavy Cermlon otate, charge ●nd valenca fluctuations ...[l]. Mont

cf the6e eompoundo adopt the tetragonal ThCrsSis [2] structurt

which is dorlvtd trcm tha BaAl~ ono (3] where All ●nd A12 atom

#itoc ● re filled up by M ●nt X ●tome reepectivaly. In this

structure, direct contact bmtvcan M ●tom~ is ●voldnd and it

should b~ pcintod cut that it is a general ftaturo for these

co6pounds, Even in the caoe of CaZn2Al~ [4] vh$ch cryotalli2ed in

the anti-ThCrfiSl~ whoro M ●nd X mites ●rg ●xchanged ●llowing

direct contact batwotn Zn ●toms,. the metal distances ●rc still

■otalllc ones. A few compounds [6,61 ●re rtpormd to crystalllza

in the CaBo~Qal typa ●truuture 17] which can ba doscribad ●s ●

stacking ●long c ●xie of half slmb of ThCr~61~ type ●nd half slab

of mntl-ThCra61: . Among tham, CePtaSns which ●xbibits the

hos.viect known electronic specific heat coefficient [B], bat boon

firct raport,d in a totrasonal 8.11 (s=4.SR1 A, e=10.3SS A) [91.

Haro w. r.port ●violence for c monoclinic dis~ortion oboorvad

●fter annealing for Co~La~-~Pt~6n~ (x- l? 0.8 and 0) aompoundg.

rurtnorcoro, profiio calculations ●nd ●loatron microscopy show

●uparlattlca llngs Iamding to twice tha unit call paracetera for

COPta6na, Thie otructucal bahavior will B, d;,acussod with ro~ard

to PC Voeancias ●rid/or to ccrain ●ffectc r)ua to large ●tomic

●izts.

BX?BRIMZHTAL DETAILS

The three sample- have been prtpared by ●rc malting of the

aonatltutnts, CO or La (99,91), ?t (99.99~) ●nd Sri (99.9D9t) on ●

vatar cooiad coppor hearth in ●n ●rgon ●tmomph@rt. Eaoh sample

wan ●alted fiva times in ord~r to insura homogcnaity. To ohook

tha influtnae of ●inasllng t-a~~ment~ on tho structural

proportlom, tho caaplos have baen ●nn~aled ont ●nd thres days ●t

800’C and three WQOkE ●t 700*C in 8 quartz tube sealed under

vacuum,
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.,

Hetallographic examinations conflrmod the EacplQD to be

singlo phasoc. )licroprobe mnalyaem show ttiat tha oamplts ●re

6tOiCh10mGtriC though 8 Blight subatoichiomotry ●ffect [02.5~)

for Pt 16 systematically obsorved. ,

X-r&y powd8r diffraction exparimont have been carried out on ,,

a Philips 6t@p by Step goniometer uoirlQ CuKa radiation
(1.54178 AI. Profilo refinements hava been calculat~d using

RIETVELD method. Clectron ❑icroscopy have be~n performed cn a

JCOL 2000~X transmission mioroscopo.

LXXX ●bsorption ●dge measurements, which have been perfornad

pravloucly, have shown that thti Ce ion 18 in ths trivhlant otate

for CePt~Sn~ [10] and hmvo bocn Q1OO checked for tho tubstituttd

Compouad,

RESULTS AMD D18CUSSXOW

X-r~y diffraction pouder pattarnn of ae oaDt samploB can bt

indexed in tha primitive tetravonal c*I1 (Dpaco uroup P4/nmm) of

tho CaBo19e~ type structure as txpecttd from pr~vlous structural

●tudlsu roportod on ● singlt crystal of CcPta61)z [9]. Iiowvor,

powdar pattern oxaminution6 of snnoaled samples show ●vid.nce of

● atruatural di#tortlon @nd hava been indexad in ● monoclinic

C*]1 (SCQ ?abl~ 1]. A myotematlc #tudy of bnnealing affaota has .,

●hewn that th~ dimtorclon occurs uhatevar the troatmont

eondltionc are! 1 or 3 daya ● t QOO”C or 3 wetka ●t 700”C. In

tact, ●ecurata exmlnation ot the ●m caat oample patternm showo

that thg ●onoclinic dimtortlon oan ba oxpeeted if ona conmidarm

the procenoa of 8houldoring in “iom@ of tbo ●ain pomkD, Thtn, the

t8tragonal ●tructur* o~ the ●m cast Samples oan b. soon ●s ●

●atastab~a otata wh!ch transforms LtDolt to the ●onoclinic onm

when ●nnoalad. Duah a distort~en ha. boon clroady reported !or

CoNJt6n2 tor which t;lmauthors [al] obssrved ● ●plittlng of some

X-ray diffraction lin80 when ●nn~aling thm smmplo at 70D*C for

on~ week. Nowev@r they r,pert that ●nnaaling ●t 000’C do not load

to ●ny dimtortlon, Moro rccontly, tho structural ttudy of

DuCu?9na hav~ shown thtt this latter compound crystmllizoo in s

monocllniu call (c-4,823 A, bw 4,308 A, c-10.S66 A ●nd 0-96,a01

1121 ●nd ~to mtructucc can ba dttcribed ●s ● strun9Xy distercod

3-



Thcrasll one. Monoclinic dimtortiun of the CaBe2Ge2 8cruccur*

have bcmn also already raported for LaPt~Gez [13] whero the

authore propoced to doecribc this oompound in ths monoolinlc

Bpaco sroup P21. Th@n, we attempt to refine CePta6n2 ●nd LaFtlSn~

in such m structural description using the Rietvold refine~tnt

●ethoo, Final CYCISS lead to R factnrs o: 11.SQ for C@ ●nd 11,9c

for L* compounde which corresponds to ● rhther poor fit.

Furthermore, diffraction pmtternu #how evidence for sup~rlattlct

lin~c (figure 1) which cnn not bc indexsd rvon in thio monoclinic

cell but which can bt tak~n into account when doubling the cell

parameter. CmrQful mtudy havg been made in order to chack the

possibility of the ●marganct of ● Becond phaso during anna~ling

responsible of Buch diffraction lines but naithgr m.talloqraphic

●xaulnatlona nor microprobe analysts en both SD cast ●nd ●r,naalod

Samples confirm thic hypotbasim. Thus, ●lactron transmission

microscopy ●xp-rimtntg wets undertaken to check the valldlcy of ●

doublt COL1. X’lgure 2 Dhowc tho diffraction planaa (2-2 1)” ●nd

(-3 o 1)” ot CePt2Sna ●nd tha prtcenca of wtak extra ●pots

bttvttn the ❑ain #~aGg spots of tho .lmplt ●oaoelinic cgll

confirms tbe axiBtcnco of the Buparlattico. At thlo stage, wt

have tried co rafine X-ray powda: patterns in a doublo CQ1l but

difficulties to handle such a largo call oiz. ●nd to daacriba

correctly atsmic poc~tlons havs not ltsd y~t to rclisblt rasu~ts,

COPICLUS~ON

Homt of tht M)f~XI uompaundt can b, dascrib~d in tetreqonal

myctem aithar in tha ThCrs8i~ type or in the CaBQIGc2 one.

Iiovover, recent workm havg shown that upon @ubtr.itution, whmn

incrgaring th~ eize of M or X [itei M-lr or pt, XDG* or @n),

at:uc:ural dict~rtion oocurs leading to lQSS cymmatrical cant.

In firgt ●pptex~mation, this oouid bt undormtood as ● geometrical

tfeocts. Hgrtovtr, snalyucm rcvoml o ●ysteaatic substoichiDmctry

fOk H aton ●ublattica ●nd thum ●traina duo to lmrge atomle

radius cizo~ and ozdaring of H vtamnuieo could be rocponsibie for

●onoclinic dinr.ortion ● s well ● s for tuparlttt~ce linas in

C*Pt26n2 , It should b. pointed out that th~B Iatt.r oompound ht~

tht hcaviomt knawn optciflc h~at coef!lciont (r~3.5 J/moltK’) ●nd

-4-



then particular Rttenti On must be Paid in futuro studies to the

relatien between structural distortion ●nd physical properties.
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Figuxe 1, X-ray powder diffraction patttrns for 8) CePt2Sn~ b)

LaPta9na (.... experimental pat~ern, — calculated pattern, +

peak positions). Tho difference curve betwocn calculated and

●xperimental patterns Appesrs balow bt the Saba CCala.

Superlattice linto are thou;, by nrrowc.

Ficure 21 Diffraction pianos ●) (2 -2 1)” b) (-3 O 1)9

for CePc2Sna.
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1’
Paramecer6 e9ptasn2 CeO. OLao. aPta Sn2 LaPt2Snz
.—

● (A) 4.593(5) 4.608(5) 4.615(5) -

b (h) 4,590(5) 4.603(5) 4.61C(5)

c (A) 10.404 [7) LO.412(7) ao.43G(7)

l’! (.) 91.6(1) 91,e(l) 91.6(1)

Table 1 - CQ1l parameter- fcr (Ce,La]Pt~Snz cofnpcsnd~
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